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ABSTRACT 

T! Is report is concerned with the development of a 
model for projecting the enrollments of The Pennsylvania State 
University by simulating the flow of students through the campuses 
and colleges of which the institution is composed. Because it 
concerns a twenty-two campus system of a single university, it not 
only constitutes an institutional application but also represents a 
prototype of a state-system of higher education, Barkovian in 
concept, the model is based upon the premise that at a point in time 
a given group of students, possessing a set of 

institutionally-assigned characteristics distinguishing them as 
unique from all others, has an associated set of probabilities, which 
describe their distribution at the next point in time among similar 
sets of unique categorizations. When suitably classified enrollments 
at one point in time are provided as input to such a model and 
multiplied by appropriate sets of probability distributions, the 
output constitutes a projection of enrollments at the next point in 
time, (Author) 
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I : SUMMARY 

The patterns of movement of students in a multi-campus institution of 
higher education have a significant impact upon the magnitude and major pro- 
gram composition of the enrollment at any one location. Inasmuch as the 
size and make-up of the student body are determinants of the demand for in- 
structional services, it is of major importance that the institution be able 
to measure and predict these patterns of flow and to reflect them in their 
projections of enrollment. 

This report is concerned with the development of a model - designated 
as SFM-I - for projecting the enrollments of The Pennsylvania State Uni- 
versity by simulating the flow of students through the campuses and colleges 
of which the institution is composed. Conceptually, it is based upon the 
premise that at a point in time a given group of students, possessing a set 
of institutionally-assigned characteristics distinguishing them as unique 
from all others, has an associated set of probabilities, which describe their 
distribution at the next point In time among similar sets of unique categoriza- 
tions. When suitably classified enrollments at one point in time are provided 
as input to such a model and multiplied by appropriate sets of probability 
distributions, the output constitutes a projection of enrollments at the next 
point In time. 

Models of this type are categorized as Markovian in formulation. Although 
conceptually accepted by the higher educational community as an improved method- 
ology for projecting enrollments, applications are few in number and even fewer 
in those cases involving not only movement within a given location but among 
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different locations as v/ell. The rnc»dc;l described in this rcporl bears a 
resemblance to two previously formulated models of state-systems of higher 
education encompassing the aspect of inter-campus flow, but it differs from 
both in that it provides a much ' ,her level of disaggregation making it 
suitable for both system-wide as well as campus management, because it con- 
cerns a twenty-two campus system of a single university, it not only constitutes 
an institutional application but also represents a prototype of a state-system 
of higher education. 

The work was conducted principally between December 1971 and August 1972. 
It has resulted in a system, utilizing the existing records of the University 
and the facilities of the Computation Center, v/hich is capable, given a fore- 
cast of admissions, of generating a ten-year projection of Fall term enrollment 
by campus, degree- 1 evel , student-level, college, and department at a computa- 
tional cost of $35 with an annual updating expense of $110. The projections 
one year into the future a'^e accurate within 0.5^ when measured on a system- 
wide basis and within k% when the sum of differences without regard for sign 
betv;een the actual and projected enrollments by campus are expressed as a 
percent of total enrollment. 

In practice the Student Flow Model may serve several purposes. First, 
in conjunction with the Admissions Model it provides an efficient way to 
project future enrollments. Secondly, the output from the model when employ- 
ed as input to the Instructional Activity Model generates projections of the 
demand for instructional activity* And lastly, the model may ultimately 
serve as an essential part of a total simulation model of the University. 
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I I : INTRODUCTION 

The ways in v^/hIch students move through and from a system of higher 
education - progressing in academic level, changing their fields of 
specialization, transferring to new locations, wi thdravyi ng , and graduat- 
ing - are major determinants of both the magnitude and composition of the 
demand imposed upon the institution for instructional services. Within 
a college or university, the demand for instructional services can be 
related to the enrollment of students at various academic levels in dif- 
ferent curricula. Consequently, projections of enrollment similarly 
disaggregated are requisite for providing adequate lead time to assure 
the allocation of resources in an efficient and effective manner. 

Although an institution - and indeed the educational community at • 
large - may influence the patterns of student movement, it does not con- 
trol them. Once admitted, the initiative passes to the student and it is 
the institution which must respond to the varying patterns of movement 
during the period of attendance. Consequently, it is of major importance 
that the institution be'able to measure and predict these patterns well 
in advance of their occurrence and to reflect then in their projections 
of enrol Iment. 

For this reason considerable interest in recent years has been shown 
in the use of what is characterized as the Markov process for describing 
the flow of students through an educational system. The Markov process 
Is based upon the premise that at a point in time a given group of in- 
dividuals possessing a set of characteristics categorizing them as unique 
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from all other groups - such as sophomorn engineering students - has 
an associated set of transition prooabi 1 i t ics , which in turn describes 
the status of the group at the next point in line - such as 60Z v/i 1 1 
be junior engineering students, 5Z v/i 1 I have transferred to another cur- 
riculum, 5% will have wi thdrawn, etc. Using historical data, it is 
possible to construct sets of transition probabilities, measuring the 
distribution of students in each origin state among all possible rerminnl 
states and to use these values as a vehicle for projecting enrollments 
from one point in time to the next. 

Although conceptually accepted, there have been relatively few ap- 
plications using a MarkovJan approach for projecting enrollments. With 
the exception of one by Cani (3) in 1963 concerning the projections of 
enrollment in the Australian system of higher education, all were reported 
around the turn between the last and current decades. Models for simulat- 
ing aggregate enrollments at each major level of national cystems of 
education were devised by Thonstad (15) and Zabrowski (l6). Additionally, 
the technique was adopted to describe student-flows within the framework 
of resource simulation models for institutions of higher edi. ration by 
Koenig et al. (5) and Firmin (2) and to evaluate admission and enrollment 
options by Smith (12), Marshall (8), and Oliver et al. (10). 

Of particular note, because they reflect the movement of students not 
only within an institution but also among different locations, are two other 
applications. The first is the HEEP model, designed and implemented by the 
Office of Program Planning and Fiscal Management W in the State of Wash- 
ington to simulate the flows of undergraduate students by various academic 
levels within a state-wide system of higher education. The other, similar 
in concept but providing an additional dimension to the categorization of 
students, namely that of broadly defined disciplines of study, is a model 
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developed ond pilot-tested by Baisuck ct o). (1) of the RenH>sclacr Research 

f 

Corpofc^tion for the New York State education Ocpartr^t^nt . but apparently not 
implemented for routine apf)Iication by its sponscrs. 

Of more recent origin, NCHEMS, recognizing the inherent importance of 
enrollment projections upon rcsourct; management, initiated a program to 
develop an institutional s tudent-f low model (7). Availability of this model 
is currently anticipated by the beginning of I97'*- 

At The Pennsylvania State University, a model was developed in 1968 by 
Newton (9) employing a Markovian concept of student-f lov; for projecting 
system-wide enrollments by academic level and college, but its utility was 
limited by inadequate specification of inter-campus flows. Later research 
conducted by Richard (II) provided evidence that different sources of in- 
coming students need not be categorized separately for establishing their 
subsequent patterns of behavior. Both of these investigations provided 
insight for defining the design specifications of the model described in 
this report. 

The model described in this report is concerned with projecting thc> 
enrollments in an institution of higher education by simulating the flow 
of students within and from the institution. Explicit in its use is the 
availability for input of a forecast of admissions into the institution. 
It is principally Markovian In concept, although it has been necessary to 
rely on other techniques at least on a transitory basis in order to cir*- 
cumvent certain informational limitations. As such it is not methodologically 
unique. What Is unique about the model, which has been designated as SFM-I , 
is that it depicts student'-f low wi thin as well as among the twenty-two campuses 
of The Pennsylvania State University. Consequently, It bears a resemblance 
to both the HEEP and Rensselaer models, but differs from both in that it is 
O more highly disaggregated, making it suitable for institutional as well as 
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campus management. Bev^ause it concerns a twenty- tv/o campus -^ysLem of a 
single university, it also represents a prototype application of a state- 
systenr of higher education. 

Successful pursuit of efforts of this type ore dependent upon the 
contributing roles played by a number of individuals and this project is 
not an exception. Several of these are of particular note. Even within 
an educational institution, acceptance of the need to break new ground 
can be a frustrating experience and for their support in nothing more 
tangible than a conceptualized goal we are indebted to both C. G. Norris 
and P. M. Etters. For their patient counsel and response to a myriad of 
questions in the process of design, recognition is due W. R. Haffner and 
A. W. Tyson. Lastly and of major significance is the contribution of C. 
A. Lindsay made years before work even began on the model; had he not 
taken the initiative in the middle 1960's in the development of what still 
must be regarded as a remarkable concept for maintenance of chronological 
records of student progression, the essential data for construction of the 
Student Flow Model would have been lacking. 
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ni: CONCEPTUALIZATION 

In the previous chapter, it was. stated 

that in a muZti- campa6 institution kigkcA education, 
•the. potte/uti studzwt. mcvmtnt monQ acad(L)i\ic icvcl^s, 
^idlds 0^ 6ptciaZization, and campu6U hav<L a ^ig^iif^ica^it 
impact upon the. magniXudc and majoK-pKogKotn composition 
0^ the cwioWncnt at any one location. 
In this chapter it will be shov;n how these flows of students may be 
conceptualized in a form analogous to what is characterized as a Markov pro- 
cess, which in turn may be used as the basis for development of a model for 
projecting enrollments in an institution of higher education, 
MARKOV PROCESS 

A Markov process is a discrete time system characterized by a set of 
probabilities, one for each of the transitions from each origin state to 
each of the possible terminal states at the next juncture in time. Between 
two states, the transition probabilities or rates are assumed to be depen- 
dent'only upon the origin state. If these rates, as measured from historical 
observations, are constant over time, they may be employed as the basis for 
projecting the flow from an origin state to each of the possible states at 
the next point in time. 

The flow of students within and from an educational institution is analo- 
gous to a Markovian process. At any point in time, such as the start of a 
term, semester, or academic year, students may be categorized into states or 
common groups in accord with some measure of their academic level - first year. 
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second year, etc. and associate degree, baccalaureate degree, etc. - within 
their fields of specialization - liberal arts, law, engineering, etc. - 
within the institution. For a multi-campus institution, an additional 
element representing location is added to the dimensional characteristics 
of each category. For each group of students having a unique combination of 
these characteristics, there exists a set of probabilities which describe 
their distribution among all possible states at the next point in time. The 
utility of a Markov-type model for projecting student-flows lies in the fact 
that when enrollments, suitably categorized into common states at one point 
in time, are multiplied by the appropriate transition rates the result is a 
projection of the enrollments similarly categorized for the next point in 
time. 

MODEL FORMULATION 

In order to formulate a student-flow model in a form analogous to a Markov 
type process, it is necessary to have available chronological records of 
students containing at ca 1 enda r- i den t i f i ab 1 e points in time each student's 
academic level, field o^ study and, for a multi-campus institution, location. 
From such a record it is possible to determine 

at some historical point in time, such as the start of 
the Fall term, the enrollment of students suitably 
categorized in accord with unique combinations of aca- 
demic level, field of study, and location; 
for the students categorized into each of these origin 
states, the enrollments at the next point in time, such 
as the following Fall term, in each suitably categorized 
terminal state; and 

by dividing the enrollment in each terminal state by that 
appropriate to its origin state, to develop a set of tran- 
si tion rates. 
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The model operates on the assumption that the future enrollment is 
derived through the probabilities of students moving between two defined 
points in time from one state to other states. These probabilities are 
expressed by means of the transition rates. Once a student enters the 
system, there is a limited number of optional paths in which he can move 
from year to year. Once he is admitted to the institutional system, the 
individual either moves from state to state until he graduates or with- 
draws . 

Transi t ion Matrix 

For illustrative purposes, a hypothetical example has been devised to 
show how data of the type described may be developed and used to compile the 
probability rates comprising a transition matrix. In order to simplify the 
discussion, the example is limited in scope to a single-campus institution. 
Let us assume that a hypothetical institution has students enrolled in two 
different fields of specialization - Letters and Applied Sciences - and at 
two student-levels - first and second year - within an associate degree- 
level program. Under such a structure, all returning and new students must 
be categorized within one of the following four origin states: 

Letters - 1st year 

Letters - 2nd year 

Applied Sciences - 1st year 

Applied Sciences - 2nd year 
One year later, all of these students must be categorized within one of the 
following six terminal states: 

Letters - 1st year 

Letters - 2nd year 

Applied Sciences - 1st year 

Applied Sciences - 2nd year 

Graduated 

withdrawn 



Let us furthermore assume that, from an appropriate record source, we 
can determine that jt a point in time, such as the Fall term of 1970, there 
were 100 students enrolled as first-year students in Letters. One year 
later, in the Fall of 1971, these same students were distributed as follows: 
10 in first-year Letters, 60 in second-year Letters, 10 in first-year Applied 
Sciences, and 5 in second-year Applied Sciences. In addition, 15 had with- 
drawn from attendance in the institution. The flow of students between the 
one origin state and all possible terminal states during these two points 
in time may be symbolically described as shown in Figure lll-l. In order 
to determine the transition rates between the origin and terminal states, 
the enrollment in each terminal state is divided by the enrollment in their 
common origin state. For the case under consideration, the computed rates 
between each pair of states is shown on the arrows depicting the flow of 
students in Figure IM-1. As will be noted, these fractions account for 
the entire flow from the origin state to all possible terminal states be- 
tween the two points in time. As a consequence, the summation of the rates 
from any one origin state must be equal to 1.0. 
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FIGURE I I 1-1 
ILLUSTRATIVE EXAMPLE OF THE FLOW OF STUDENTS 
FROM ONE ORIGIN STATE TO ALL POSSIBLE TERMINAL STATES 
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In a similar manner, the various flows of students in the hypothetical 
institution between each of the origin states and each of the possible ter- 
minal states at their respective sequential points in time may be depicted 
as shown in Figure I I 1-2. The distribution of the enrollment in each origin 
state among all possible terminal states for the illustrative example is shown 
in Table I I 1-1 and the appropriately calculated transition rates are listed 
in Table I I 1-2. 
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FIGURE I I 1-2 

ILLUSTRATIVE EXAMPLE OF THE FLOW OF STUDENTS FROM ALL ORIGIN 
STATES TO ALL POSSIBLE TERMINAL STATES 
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Projection Model 

Provided that the rates comprising the transition matrix are stable over 
time, it may be employed together with the enrollment of returning students 
and a given forecast of new admissions at one point in time to generate pro*- 
jections of the enrollment of returning students at the next point in time. 
This is done by multiplying the sum of enrollment of returning students and 
of new admissions for each year by the appropriate rates in the transition 
matrix and then aggregating the products over common states to derive the 
enrollment of returning students for the following period of time. The 
process is then repeated in an iterative mode until projections are develop- 
ed for the entire projected time-frame. 

To illustrate in tabular form how the process proceeds in an iterative 
fashion, assume for the hypothetical institution an input of returning stu- 
dents for time-period 1 and forecasts of new admissions for time-periods 1, 
2, and 3 and the applicability of the transition matrix shown in Table III-2. 
The steps involved in developing enrollment projections for three time-periods 
are depicted in Table III-3. 

The number of possible student-flows has been limited in this example 
in order to illustrate diagramatical ly as well as computationally the steps 
involved in the projection process. However, conceptually the steps des- 
cribed in the example are equally applicable to any student-flow problem 
regardless of the number of dimensions - academic levels, fields of specializa- 
tion, and locations - used to describe origin and terminal states. 



MATHEMATICAL RELATIONSHIP 

Mathematically the enrollment at some point In time may be projected 

from a prior point in time by means of the following relationship: 

m 

'j.t+i = .1, ^•(i),t"^,t.I ^"--j = 2 ... . (I) 

where: Ej = student enrollment in year t+1 in terminal state j, 

where j defines a unique set of characteristics common 
to all students in that terminal state. 
^ = student enrollment in year t in origin state i who move 

J (0 ,t 

to terminal state j in year t+l , where i and j define 
sets of characteristics common to all students in each 
of the respective states. 
Nj = new students entering the system in year t+l in state j. 

Since represents measures of the flows between origin state i and 

terminal state j of students already in attendance, transition rates express- 
ing the distribution of students in state i among state j may be computed 
from historical data as follows: 

f,, = ^]{\)^t for j= 1, 2 ... m (2) 



E 



i,t-l 



where: f.. = transition rate of students between origin state i and ter- 
minal state j . 

Therefore, Equation I may be expressed as follows: 
m 
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IV: DEVELOPMENT 

In the previous chapters, it was shown 

J: that in a muLti' campus iMtitution liighoA 
dducatioyif thz patteA^is ^tuddnt movmavt 
mong acxidzmic Ztvztt , iittdi> oi ^peoiottza- 
txon, and cmpahu havd a 6igyii^icant impact 
upon thz mcjQYUjtvidz oitd maj0fi'pn.0Qn.m composi- 
tion OjJ cnAoUbncnt cut any om location, and 
2: that i/iC/6e pcuttoAYib oi movmcnt may be ducn^ibcd 
by 6cts 0^ tAonJf^ition n.atu zxpH.e>b6ing the pH-oba- 
bititiu 0^ 6tudznt^ ^otloioing va/uou^ patiis 
bttwczn 6ujccz^6ivz points in timz. 
This chapter is concerned with establishment of a suitable base of 
historical data from which the transition matrices as well as ancillary 
relationships may be developed for incorporation with a model for pro- 
jecting student-flow for a large multi-campus institution, namely The 
Pennsylvania State University. 
CRITERIA FOR STRUCTURE 

Inasmuch as the composition of the output from a model is dependent 
upon both the structure of the model and the data used to develop it, a 
delineation of required output constitutes the initial step in design. 
This is necessary to assure the utility of a mode] as a vehicle for sup- 
plying both explicit and perceived informational needs. 
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At The Pennsylvania State University. »ulm! inn . on- plnnntMl l»y iiumii 
of an iterative process, involving the qcneration of enrollment projections 
for a series of options concerning the magnitude and composition of ad- 
missions with subsequent selection for implementation of the one option 
which produces an enrollment projection reflecting the greatest consistency 
wi ch that representing both policy and resource constraints. This pro- 
jection of enrollment is then employed as the basic input to the procedures 
employed for developing the University's internal budget and for preparation 
of documents in support of the appropriation request to the Commonwealth. 
Although the contents of the projection output required for these three 
interrelated processes differ from one another, any model from which they 
are derived must possess a commonality of base to provide assurance of 
cons i stency . 

For the iterative process involved in planning admissions and enroll- 
ments, the enrollment projections must be displayed in a disaggregated form 
by campus and by degree-level In the initial phase of testing various optional 
levels of admission. Once the resulting enrollments are in general alignment 
with policy and resource constraints, further disaggregation by degree-level 
and in the case of the University Park Campus by college or category of en- 
rollment is usually required. 

For application to the internal budgetary process, projections of enroll- 
ment are used both as a direct - as well as an indirect - input with the latter 
involving subsequent use in .eriving instructional activity consumption and 
production from the Instructional Activity Model. As a direct Input, the 
levels of disaggregation required of enrollment projections in the final 
stage of the admission and enrollment planning process satisfy the require- 
ments of budgetary responsibility, which currently rests at the so-called 
administrative-division level. However, for analytical purposes, theenroll- 
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ments are further subdivided by deportment for the University Park and 
CapJtol Campuses as well as the Hershey Medical Center and by college for 
the balance of the campuses in the system. 

At the present time, in support of the University's appropriation re- 
quest to the Commonwealth both PPBS and formula submissions are required. 
Currently enrollment projections on a head-count basis are not required for 
these submissions. They do, however, represent an indirect input since they 
are employed in the Instructional Activity Model to derive instructional 
activity consumption and production values, which are inherent parts of both 
sets of documents, and to derive projections of degrees-awarded by HEGIS 
discipline-division in the case of the PPBS process. 

For the three interrelated processes, there is consistency in the con- 
tent required of enrollment projections with respect to campus, degree- 1 evel , 
and student- 1 evel . Although somewhat of a dichotomy does exist concerning 
the level of aggregation required for specifying fields of specialization, 
the need to delineate these fields at the departmental level for certain 
campuses of the University and at the HEGIS discipline-division level for 
the PPBS submission makes it necessary to produce enrollment projections 
for all campuses at the departmental level of specialization. 
CATEGORIZATION OF STUDENTS 

In accord with the broad criteria adopted for assessing the utility 
of enrollment projections in relation to both internal and external needs, 
students are categorized in accord with attributes identifying physical, 
location, academic level, and field of specialization. Physical location 
is denoted by campus, academic level by degree- level and within same where 
appropriate, by student-level, and field of specialization by college or 
category of enrollment and, within same where appropriate, by departmental 
responsibility for major programs of study. All measurements of the number 



of students within each category are in terms of head-count enrollments 

applicable to the Fall term of each academic year. 

Location 

Twenty-five geographical identities are currently employed to classify 
the locations of attendance for the resident education function of the Uni- 
versity. These encompass the twenty- two campuses and centers of the University 
as well as three other geographical identities which are essentially extensions 
of programs administered by organizational units at the University Park Campus. 
For this reason the latter three - Involving the nursing program conducted 
at selected hospitals, graduate students registered for off-campus research, 
and students enrolled in the study-abroad program - are Included for pur- 
poses of classifying enrollments as part of University Park Campus. Shown 
below are the twenty-two locations adopted for use In categorizing students. 

TABLE IV-1 
CAMPUSES 



Al 1 entown Center 

Altoona Campus 

Beaver Campus 

Behrend Campus 

Berks Campus 

Capitol Campus 

Delaware County Campus 

DuBols Campus 

Fayette Campus 

Hazleton Campus 

Hershey Medical Center 

King of Prussia Graduate Center 

McKeesport Campus 

Mont Al to Campus 

New Kensington Campus 

Ogontz Campus 

Schuylkill Campus 

Shenango Valley Campus 

University Park Campus 

Wilkes-Bar re Campus 

WorthI ngton-Scranton Campus 

York Campus 
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Academic Level 

Within the hierarchy conceived and used to describe the academic levels 
of students, students may be categorized from the standpoint of degree- 
level - associate, baccalaureate, etc. - and within certain of these by 
student-level - first year, second year, etc. The relationships between 
these measures of academic level are shown in Table l\/-2. 

TABLE IV-2 
HIERARCHY OF^ACADEMIC LEVELS 



DEGREE-LEVEL STUDENT-LEVEL 

Associate 1 

2 

Baccalaureate 1 

2 



3 

^ & 5 

Graduate 1 

2 or more 

Adjunct Not Applicable 

For the application under review, students are classified by degree- 
level and within same by student-level with one exception. The specific 
exception concerns suppression of student- level within the graduate degree- . 
level, an expedient necessitated by current data limitations. 
Fields of Specialization 

Within the hierarchy used to describe fields of specialization, most 
students may be categorized in accord with the specific major program of 
study in which they are enrolled, the department having responsibility for 
the curriculum content of the program, or the college in which the depart- 
ment is situated for organizational and fiscal purposes. For application 
to the Student Flow Model, student categorization by field of specialization 



IV-6 

is limited to the aggregations of majors at the college and departmental 
organization levels. Although subdivision by major program was conceived 
as a desirable goal, It was considered to be infeasible to derive reliable 
projections of enrollment by major at each student-level. It was necessary 
to Impose this limitation because of the very small numbers of students 
enrolled in most majors - and frequently exhibiting random patterns over 
time - at many of the campuses of which the University system is composed. 

In addition to the eleven colleges offering degree programs at one or 
more degree- 1 evel s , there are four administrative categories in which a 
student may be classifiei' for purposes of enrollment. These categories 
of enrollment are Division of Counseling, Capitol Campus, Inter-College, 
and Non-Degree. For undergraduate study, a student's program is ad- 
ministered by the Division of Counseling if he has not selected a major 
for study. At the Capitol Campus, the responsibility for undergraduate 
majors rests with the faculty at that location and the same is true for 
the preponderance of graduate programs. Students in interdisciplinary 
programs are c lass i f i ed wi th i n the Inter-College category for purposes of 
enrollment. A student will be assigned non-degree status for purposes of 
enrollment categorization if he has been admitted to the Graduate School 
but has not selected a field of study or if he has simply adjunct status. 
Within each of the eleven colleges as well as the Capitol Campus and 
Inter-College categories, a further subdivision of major program assign- 
ment may be made to departmental units. 

Shown in Table l\/-3 are the colleges or categories of enrollment 
and, where applicable within same, the departments adopted for classify- 
ing students in accord with their fields of specialization, together with 
the appropriate five-digit budget code used internally by the University 
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for resource assignment. In addition is shown for each department the 
HEGIS discipline-division code applicable to the preponderance of major 
programs within its area of responsibility. 
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DATA REQUIREMENTS 

In Chapter II, it was stated, that although the Student Flow Model 
described in this report was Markovian in concept, it was necessary to 
rely on other methodology to circumvent current data limitations. 

For projecting ooth associate and baccalaureate degree-level enroll- 
ments, which collectively comprise over 80% of the University's resident 
education enrollment, the flows of students are developed in accord with 
a Markov-type process, as described conceptually in Chapter III. In this 
step students were categorized in origin and terminal states in accord 
with their campus, degree- 1 evel , student-level, and college or category 
of enrollment. Although the basic record, from which the data on student 
flow were extracted, would have permitted identification of major programs 
of study, which in turn could have been aggregated to the departmental 
level, this option was not exercised because of the very small enrollments 
observed in many of the major programs of study in the various campuses 
of the University. 

In the current absence of machine-addressable longitudinal records 
on both adjunct and graduate degree-level students, it is not possible to 
utilize a Markov process as a basis for projecting enrollments of these 
two classes of students. For adjunct enrollments it is necessary to employ 
an empirical relationship between the number of adjunct students at a campus 
and the enrollment of baccalaureate and associate degree-level students. 
Graduate enrollment projections are developed from linear regression equa- 
tions by college or category of enrollment at each campus. 

Further disaggregation of the enrollment projections for all degree- 
levels of students by field of specialization from the college to the 
departmental level is achieved by use of a so-called Organization Matrix, 
which subdivides the college enrollments on the basis of prior history. 
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In summation the data requirements may be classified in accord with 
their application in development of the components of the model as follows: 
1: Transition matrices for use in the Markov process 

describing the flow of associate and baccalaureate 

students . 

2: An empirically observed relationship between adjunct 
students and undergraduate enrollments. 

3- Sets of linear regression equations applicable to 
graduate enrollments. 

h\ An Organization Matrix for disaggregation of enroll- 
ments to the departmental level. 
Associate and Baccalaureate Transition Matrices 

For projecting both associate and baccalaureate degree-level enroll- 
ments, four types of transition matrices are developed for use in "moving^' 
students from each origin state in a Fall term to all possible terminal 
states in the next Fall term. These are as follows: Campus, Progression, 
Inter-Campus, and Switch Degree. 

The Campus Matrix is the basic vehicle by which students are '*moved" 
from one year to the next within a campus. For each campus at which 
associate degree-level programs are offered, there are two such matrices,, 
one for each student- level ; for campuses offering baccalaureate study there 
are four, one for each student- I evel . Each matrix consists of a series of 
vectors - one for each college of enrollment in an origin state - each of 
which in turn is comprised of a set of fractions representing the distribu- 
tion to all terminal states. Within each of these college vectors, the 
terminal states consist of the colleges of enrollment and additionally 
the proportions graduating, withdrawing, switching to the other under- 
graduate degree-level, and transferring to another campus. 
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In series with each Campus Matrix is a Progression Matrix, by which 
students are retained at the same student-level or advanced to the next 
student-level. Each of the vectors, of which the matrix is composed, 
consists of the two fractions representing the shares advancing and being 
retai ned . 

Two other types of matrices are used to "move" students among campuses. 
The first is an Inter-Campus Matrix which, when used In conjunction with 
the flow of students through the so-called "transfer-cell" in a vector of 
a Campus Matrix, distributes students of the same degree-level among the 
campuses. The second is a Switch Degree Matrix which, when used in con- 
junction with the flow of students through the so-called "switch-degree" 
cell in a vector of a Campus Matrix, not only distributes students among 
the campuses but also changes the degree-level of their program of study. 

Shown in Figure IV-I are examples of vectors drawn from the four 
types of transition matrices and their relationship to one another in the 
student flow process from an origin to a terminal state. 
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FIGURE IV't 

INTCRRgATlONSHtPS AMONG TRANSITION MATRIX VECTORS 
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These matrices are developed from what Is referred to as the Student 
Master Research Tape - or SMART - which Is a series of longitudinal records 
over time of each undergraduate student Indicating his term by term status 
with respect to degree-level, student-level, major program of study, campus, 
and attendance status from the time of admission to graduation or alterna- 
tively a maximum of twenty elapsed terms. (6) For the purpose of this 
application, only certain of the fields of each term-record on each student 
are employed. In Table IV-^ are the appropriate fields within each record 
on SMART utMlzed for developing the transition matrices. 

For use with the Student Flow Model, the transition matrices are develop- 
ed annually from data applicable to the changes occurring between the most 
recent sequential pair of Fall-terms. These values are assumed to be ap- 
plicable over the entire projected time-frame. The validity of this 
assumption, however, was subject to evaluation prior to Its adoption by 
generating the matrices for each sequential pair of Fall-terms over the past 
seven years and examining the patterns of behavior of corresponding values 
over time. The analysis revealed that the transition probabilities for 
corresponding categories remained relatively stable when the values were 
either relatively large in magnitude (I.e. between 0.5 and 1.0 as contrasted 

to less than O.l) or were computed from relatively large populations of students. 
Since both of these conditions contribute to the ability of the model to 
generate reasonably accurate projections of enrollment. It was concluded 
that the transition rates were sufficiently stable over time to assume 
their applicability in the future for purposes of enrollment projection. 
Empirical Relationship for Adjunct Enrollment 

The projected enrollment of adjunct students Is computed by means of 
an empirical relationship, which on the basis of historical data was found 
to be applicable at all but four campuses. Basically, the relationship is 
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based on the observation that, as the enrollment of students at the 
associate and baccalaureate degree- 1 evel s at a campus increases, the 
expression of adjunct enrollment as an equivalent fraction of the as- 
sociate and baccalaureate enrollment decreases. Utilizing the fractions 
calculated from historical data and the projected enrollments of associate 
and baccalaureate degree-level students, adjunct enrollment at a campus 
is computed using the following relationship: 

where: = adjunct enrollment at campus c in year t 

E. = associate enrollment at campus c in year t 

M , C L 

E = baccalaureate enrollment at campus c in year t 

D I C t 

f = adjunct enrollment as a fraction of associate 
and baccalaureate enrollment. 
The values of f^ for the Altoona and Ogontz Campuses is 0.15 and for 
the Fayette and New Kensington Campuses is 0.^0. For the balance of 
the campuses in the system, the value of f^ is related to the combined as- 
sociate and baccalaureate degree-level enrollment at the campus as follows 

Associate and Baccalaureate Enrollment f 
" ■ ■ ■ a 



< 100 .^0 

101- 300 .20 

301- 500 .10 

501- 700 .06 

701-1000 .04 

1001-2000 .03 

>2001 .01 

Although the relationship is incorporated within the program logic, 

It must be reviewed periodically for applicability. 
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Regression Equations for Graduate Enrollment 

Graduate degree-level enrollments are developed from linear regression 
equations, which are incorporated within the model and are updated annually 
to reflect new data. The equations represent the graduate degree-level 
enrollments by college or category of enrollment for each campus of the 
University over time. The summation of the extrapolated values for any 
one campus at any point in time is subject to normalization relative to 
maximum and/or minimum levels of graduate degree-level enrollments permitted 
at the particular campus. These maximums and minimums are supplied as in- 
put to the model , 
Organization Matrix 

The Organization Matrices are employed to disaggregate enrollments 
in various fields of specialization from the college to the departmental 
level. Each matrix consists of a series of vectors - one for each college 
or category of enrollment at each student-level within degree-level for each 
campus - each of which in turn is comprised of a. set of fractions represent- 
ing the distribution of a given college's enrollment among the departments 
of which it is composed. The Organizational Matrices are updated annually 
from the data Issued in the Final Distribution of Enrollment Report for the 
Fall term. 
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V: PROJECTION MODEL 

* 

In the previous chapters, it was shown 

J: that X.yi a muZti-cmpu^ Ivi^titixtlon klgkoA 

zdiication, tkz potteAn^ oi J^^tiidzwt movzmzwt 

moYiQ academic IzvzU, iloXdJ^ ^pzctaZLza- 

tlon, and (iampu6U kavz a J^^iqYiiilcoiYvt Ajnpact 

upon thz magyuXadz and majon.-pn.oQn.am compo^A^- 

tion ol thz znAotlmznt at any onz Zocatlon, 
2: that the^z pattviYU^ oi movzmznt may be ducAlbzd 

by 6(iti> 0^ tJian^AXlon fiatoM zxpn.QMblnQ thz 

pKobabttltlu 0^ ^tadt^it^ {^olZovotng va/viouA 

path^ bztiozzn 6accQJ>6lvt points In timz, and 
3: ko{^) a 6uttabZt bast kUtoKtcaZ data may fae 

compiled and u6ed ^on. development tke^e 

mat^cu . 

^ This chapter is concerned with the use of the components described in 
the previous chapter as an integrated model, which, given the current enroll- 
ment and a forecast of new admissions, may be employed to generate projections 
of enrol Iment . 
COMPONENTS 

The projection model consists of the following major components: 
1: A series of transition matrices - Campus, Progression, 
Inter-Campus, and Switch-Degree - consisting of vectors 
of the fractional distribution of undergraduate enrollment 
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at one origin state - campus, degree- level , student- 
level, and college or category of enrollment - in 
the Fall term of one year among all possible terminal 
states in the subsequent Fall term. 

2: A curvilinear relationship between the number of 
associate and baccalaureate degree-level students 
at a campus and the equivalent fraction of these 
students representing adjunct enrollment. 

3: A series of regression equations representing the 
enrollment of graduate students over time in each 
college or category of enrollment at each campus. 

k\ A series of Organizational Matrices - one for each 

student-level within each degree-level at each campus - 
consisting of vectors of the fractional distribution 
of the enrollment in each college or category of 
enrollment among the departments responsible for the 
major programs of study. 

INPUT 

The inputs to the projection model are as follows: 

1: Actual Fall term enrol Iment for the most recent historical 
year subdivided by campus, degree-1 evel , student-level 
where appropriate, and college or category of enrollment, 
as developed from the Final Distribution of Enrollment 
Report issued by the Records Office of the Division of 
Admissions, Records, and Schedulinc 
2: Projections of freshmen admissions for each calendar 
year, but expressed in terms of those registered in the 
^ Fall term of the particular year, for as many years as 

ERIC 
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desired by campus, degree- level , and college or category 
of enrollment, as generated by the Admissions Model (1^). 

3: Projections of both advanced-standing and adjunct-to- 
degree undergraduate admissions as well as undergraduate 
readmissions for each calendar year for as many years 
as desired by campus, degree- leve 1 , student-level, and 
college or category of enrollment, as generated by the 
Admissions Model (l^). 

k\ Parameters establishing the maximum and minimum levels 

of graduate enrollment by campus for each year in the pro- 
jected time- frame. 

OPERATION 

Procedurally the following steps, as schematically depicted in Figure 
V-l, are involved in the projection process of the model: 

1: The actual associate and baccalaureate degree-level enroll- 
ment by campus, student- leve 1 , and college of enrollment 
for the most recent Fall term is iterated through the Campus, 
Progression, Inter-Campus, and Switch-Degree Matrices to 
derive the enrollment of returning students in the Fall term 
of the. first year in the projected time-frame. To these 
values are added the forecast of new admissions and of re- 
admissions to generate the projected undergraduate degree-leve 
enrollments for the first year. 
2: The projected enrollments for the first year in the time- 
frame are then iterated through the matrices to derive 
returning students for the second year. To these are added 
the forecasts of new admissions and readmissions to generate 
projected undergraduate degree- level enrollments for the 
second year. 
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3: The process is then repeated until undergraduate degree- 
level enrollment projections have been developed for 
each year in the projected tinie-f rame. 

k: For each year in the projected time-frame, adjunct enroll- 
ments are computed for each campus using the empirical 
relationship provided within the model. 

5: For each year in the projected time-frame, graduate en- 
rollments by campus and college or category of enrollment 
are projected using the regresision equations provided within 
the model and the input parame^ters relating to the minimum 
and maximum enrollments by caropus. 

6: The projections of enrollment by college or category of 
enrollment for each year in the projected time-frame are 
then disaggregated to the departmental level. 

OUTPUT 

Output from the projection model is of two types. Common to both is a 
subdivision of Fall term enrollment for each year in the projected time-frame 
by degree-level and within same by student- level wherever appropriate. 
Detailed Output 

The first of the two types Is characterized as detailed output of Fall 
term enrollment and cont?fins for each campu> an analysis by college or cate- 
gory of enrollment as well as department wherever appropriate. In order to 
provide further identification of each departmental entity, the internal 
five-digit budget and two-digit HEGIS discipline-division codes are also 
shown. A sample of this output for one campus and one year is shown In 
Table V- 1 . 
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Summary Output 

The second type is characterized as summary output. Here the detail 
by college and department is suppressed to provide on a single page the 
Fall term enrollment by campus for the enti-'e University system. A sample 
of this output for one year is shown in Table V-Z. 
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EVALUATION 

Evaluation of the performance of a prtidictive model usually involves 
providing actual historical data as Input and n comparing the output 
with the appropriate historical records. By utilizing such an approach 
any variations between the output from the model and historical data may 
be attributed to the characteristics of the model Itself. However, for 
evaluation of the model described In this report, a departure from this 
type of procedure has been adopted which actually provides a somewhat more 
stringent basis for measurement of validity. Rather than using actual ad- 
missions data as input, the output from the Admissions Model (14) was 
employed. Thus the evaluation is in reality an evaluation of both the Ad- 
missions and Student Flow Models on a combined basis. In brief this approach 
was adopted because of the existence of certain empirical relationships. 
Interfacing between the two models, which essentially translate student 
admissions throughout a given calendar year into student registrations 
In the Fall term of the same year with an ensuing question arising as to 
the proper assignment of these relationships to one of the two models for 
purposes of evaluation. Adoption of the combined approach eliminates the 
need for what would otherwise be an arbitrary assignment. 

For this reason the evaluation was conducted by comparing the actual 
1972 enrollments with those projected by the Student Flow Model, which in 
turn was provided with input from the Admissions Model containing the 
targets and parameters which had been established in January 1972 for 
guidance of the admissions process for that calendar year. From a system- 
wide standpoint, the total projection of enrollment differed only by 0^5% 
from the actual . 

However, this value is of limited significance for internal management 
application, since it is achieved In part as a result of compensating errors 
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in over- and under-projecting the individual sectors of which the University's 
total enrollment in resident education is composed. Furthermore, since en- 
rollments are ultimately determinants of the demand for instructional services 
and it is usually infeasible from an operational view to consider the inter- 
change among campuses of resources for the instructional function, the forecast 
errors of the campus enrollments are of importance. The differences between 
the projected and actual enrollments for each campus are shown in Table V-3. 
The summation of these differences, wi thou L regard for sign, expressed as 
a percentage of the actual enrollment for the total system amounts to ^.0^. 
This means that this fraction of the projected enrollment was distributed 
among campuses in a manner differing from that which actually occurred. 

For evaluation purposes, two other bases may also be of possible interest. 
In the report on the Instructional Activity Model (13), it was stated that the 
interchange of resources for providing instructional activity was operational- 
ly infeasible not only among the campuses but also, in the case of the University' 
largest campus at University Park, among colleges. However, errors in the com- 
position of the enrollment at any one location are somewhat mitigated in their 
impact upon the composition of demand for Instructional activity because students 
register for courses not only within their own college but in others as well. 
Nevertheless, for evaluation purposes there is interest in the forecast errors 
among the individual colleges at the University Park Campus and the balance of 
the campuses as unitary organizations since collectively these units, which 
internally are categorized as administrative divisions, constitute the level 
of budgetary responsibility in the University. As shown in Table V-^, the 
summation of the differences, without regard for sign, between the actual and 
projected enrollments for these units amounts to 1.3% of the actual enroll- 
ment for the total system, which implies that this fraction of the enrollment 
was distributed by the model among administrative divisions in a manner dif- 
fering from that which actually transpired. 
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TABLE V-3 

COMPARISON OF ACTUAL AND PROJECTED FALL-TERM 1972 ENROLLMENT 

BY CAMPUS 

ENROLLMENT 



ACTUAL PROJECTED DIFFERENCE 

],700 1,58] -119 

212 \kS - 67 

1 ,573 1 ,626 + 53 

l\k 685 - 29 

936 1 ,023 + 87 

2,190 2,/»95 +305 

1,021 871 -150 

/»97 A7I - 26 

1,062 960 -102 

773 8/»9 + 76 

7A9 703 - A6 

1 ,053 1 ,OAl - 12 

1,026 1,020 - 6 

1,757 l,6ii2 -115 

660 727 + 67 

6A9 722 + 73 

550 A99 - 51 

396 293 -103 

56A 53A - 30 

301 353 + 52 

2i»5 3^1 +96 

28,635 28,921 +266 



TOTAL A7,263 ^7,502 +239 (0.5^) 

ABSOLUTE SUM ^7,263 1,931 (A.O^) 



TABLE V-^ 

COMPARISON OF ACTUAL AND PROJECTED FALL-TERM 1972 ENROLLMENT 
BY ADMINISTRATIVE DIVISION 



ENROLLMENT 



ACTUAL PROJECTED DIFFERENCE 



1 ,700 


1,581 


-119 


212 


1^5 


- 67 


1 ,573 


1 ,626 


+ 53 


71^ 


685 


- 29 


936 


1 ,023 


+ 87 


2,190 


1Mb 


+305 


1 ,021 


871 


-150 


^97 


'»71 


- 26 


1 ,062 


960 


-102 


773 


8i»9 


+ 76 


7^9 


703 


- i»6 


1 ,053 


1 ,Oi»l 


- 21 


1 ,026 


1 ,020 


- 6 


1,757 


l,6i»2 


-115 


660 


727 


+ 67 


6^*9 


111 


+ 73 


550 


^99 


- 51 


396 


293 


-103 


56i» 


53^ 


- 30 


301 


353 


+ 52 


2i»5 


3^1 


+ 96 


1 ,617 


1 ,395 


-222 


1,311 


1 ,260 


- 51 


2,737 


2,710 


- 27 


^,255 


if, 576 


+321 


2,781 


2,730 


- 51 


992 


8i»l 


-151 


3,Oi»5 


2,808 


-237 


5,698 


6,218 


+520 


1 ,013 


1 ,001 


- 12 


3,693 


3,779 


+ 86 


573 


672 


+ 99 


212 


56 


-156 


708 


875 


+ 167 



TOTAL ^47,263 ^47,502 +239 (0.5^) 

ABSOLUTE SUM ^47,263 3,765 (7-9^) 
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The last basis for evaluation purposes concerns the convention which 
seems to prevail for displaying the enrol Iment projections resulting from 
the admissions and enrollment planning process, described briefly in Chapter 
IV. For this purpose, the projections are subdivided not only by administra- 
tive division but also by degree- 1 evel . In this case, as shown in Table V-S, 
the summation of the differences, without regard for sign, between actual 
and projected enrollments by degree-level for each administrative division 
amounts to 10.0% of the actual enrollment for the total system, vyhlch Implies 
that this fraction of the enrollment was distributed among degree- level s and 
administrative divisions In a manner differing from that actually occurring. 

In closing, it should be noted that the forecast errors, described 
above, are limited to a one-year projection into the future. At the present 
time it is obviously not possible to provide an evaluation beyond this time- 
frame. 
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VI: SYSTEM APPLICATION 

In the previous chapters, it was shown 

/: that Ln a maZtt-campiiS int^titutton liiciha.^ 

moviQ acaddmtc £euGX6 , (^Idid^ o{) ^pdciati za- 
tiony and cmpLU>u /laue a 6.ignl{^A^Cjayit impact 
upon tilt maQwituda and majOK-pKogKa)n composition 
o{^ the c\VioVLmcnt at any one loccuUon, 
2: that thdMc pattc/in6 o^ movement may be dcbcntbed 
by set6 tAan^ttion /lat^'-A exp/ia^sing the 
pKobabltitie^ 0^ students (^ottoi^lng vculLou^ 
patli^ betioeen siiccusLve points in time, 
3: hoiA) a siiitable ba.^e o^ kUt.o^Lcat data may be 
compilQ.d ayid iu>ed {^o/i deve.topmeyit of) t/ic6(?. 
t/ian^i-tLon mat/u^cu , and 
4: how these matntce^ togethcM. mth ancitloAy 
relationships may be used a6 a p/iojectton 
modet^ lohich, given the ca/iAent. enn.o ttmeivt. 
and a ^oKecast o(^ neto adm^usion^, may be em- 
ployed to gencKate pMjectioM o{i enMttmeyit. 
This chapter is concerned with a description of the system developed 
to carry out the steps outlined in Chapters IV and V for routine application 
within The ^Pennsylvania State University for generation of projections of 
enrollment for the Fall term. The i nterrel 3t ionshi ps among the components 
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are delineated and the function, procedural steps, and operational cost of 
each programmed module are outlined in brief. Details concerning the pro- 
gram logic and application are shown in the Appendices. 
COMPONENTS 

The system comprising the Student Flov; Model consists of three modules. 
These are programmed in Fortran IV for operation on the IBM System 370/165 
in the Computation Center. The first of the modules, COEF-l, is concerned 
with generation of the various matrices from the Student Master Research 
Tape. The second, ITER-1, utilizes these matrices as a mechanism for iterat- 
ing undergraduate students through the system. The third, DISAG-1, generates 
projections of both graduate and adjunct students and disaggregates both 
these and undergraduate projections to the departmental level. 

The relationship of these modules to one another is shown in Figure Vl-l 
and a brief description of each is provided below. 
COEF-1 Module 

The COEF-1 program generates the Campus, Progression, Inter-Campus, and 
Switch-Degree Matrices from the Student Mai.ter Research Tape. Each record 
on SMART is read and aggregations of enrollment are prepared for the Fall term 
of each calendar year on the basis of commonality of campus, degree- level , 
student-level, and college or category of enrollment as well as distributions 
of the enrollment for each common group among the campus, degree-level, student- 
level, and college of enrollment for the subsequent Fall term. The distributions 
to terminal states are then computed as fractions of the total for the cor- 
responding origin states and produced in punched-card form. 
ITER-1 Module 

The ITER-1 program generates projections of Fall term undergraduate enroll- 
ments from the most recent historical enrollment and the projections of admissions 
for as many years into the future as desired by means of the transitions matrices 
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FIGURE VI-1 
FLOW DIAGRAM OF MODULE INTERRELATIONSHIPS 
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generated by ihe COEF-1 module as applicable to the most recent year. The 
summation of the enrollments of returning students and new admissions is 
computed for each common group for a Fall term and then multiplied by the 
appropriate coefficients in the matrices to derive enrollments for the follow- 
ing Fall term. The process is then repeated for as many years into the future 
as admission projections are provided. The resulting enrollments for associate 
and baccalaureate students are written for output onto tape. 
D(SAG-1 Module 

The DISAG-1 program reads the undergraduate enrollments from the output 
of ITER-1, computes the adjunct student enrollment for each campus from the 
empirical relationship, and by means of recression equations generates enroll- 
ment of graduate students. These enrollments, which are produced for each 
campus, degree-level, student-level, and college or category of enrollment 
for each Fall term in the projected time-frame, are then disaggregated to the 
departmental level by means of the Organizotion Matrix and produced in hard- 
copy form, as described in the previous chapter. 
COST OF OPERATION 

The system as described serves two major purposes. The first is concerned 
with generation of the various transition ruatrices employed to simulate stu- 
dent movement and the second with the use of these matrices plus additional 
input for projection application. 

Generation of the transition matrices involves the use of the COEF-1 pro- 
gram. This procedure must be carried out only once a year and is characterized 
as part of. the updating process. The overall cost of operation involves an 
expenditure of $110 per year. 

The projection process involves the input of the matrices from the COEF-1 
program, the Organization Matrix computed Trom the Final Distribution of Enroll- 
ment Report, and a forecast of admissions '"or as many years into the future as 



VI-5 

desired as supplied from the Admissions Modt;I. Once the updating for a year 
has been completed, the projection procedure, may be conducted any number of 
times without the necessity of repeating X.\\\\ steps involved in updating. 
The cost of each projection run of ten-years; duration using ITER-^I and 
DISAG-I is $35. 

Shown in Table Vl-l are the operating characteristics involved in ap- 
plication of the three modules as described. (t is of note that the data in 
this table were compiled on the basis of opeiration on an IBM 360/67. With 
the installation of a 370/165, CPU time and cost for each module are expected 
to be lower. 

TABLE VI -1 
OPERATING CHARACTERISTICS 



CPU Time-Seconds Records Cost 

COEF-1 (Baccalaureate) 350 22,000 $65 

COEF-1 (Associate) 130 7,000 ^5 

ITER-l" 100 7,000 1^ 

DISAG-l" 100 21,000 21 



For a run with a projected time-frame of ID years. 



VII : FUTURE EFFORTS 

An appraisal of the results of this project and the perceived use of 
the model have made it desirable that consideration be given to incorporation 
of certain innovations within the model. Most of these, as will be noted 
below, are concerned with improvement in predictability. 
Projection of Transition Rates 

Explicit in the application of the basic Markov process is the assump^ 
tion that the transition probabilities are stable over time. An analysis 
of historical data during the development process^ confi rmed the genera] 
validity of this assumption for the model in question. However, some ex- 
ceptions were noted. As an entirely separate project, a multi-method 
general-forecasting procedure for time-series projection has now been 
developed. The procedure will be applied on a test basis to historical 
time-series of transition rates. If significant improvement in predict- 
ability is achieved, consideration will be given to incorporation of the 
procedure within the model. 
I nter-Campus Flow 

Of major significance in the projection of enrollments of the campuses 
of The Pennsylvania State University is the impact of student movement among 
different locations. Currently, inter-campus movement is handled within the 
model by a two-step process. A single-step process has now been conceived 
and deemed feasible for implementation. Since application may improve the 
accuracy of the projections and will permit identification of the flows be- 
tween campuses, an aspect which is not possible through the existing procedure, 
early consideration will be given to Implementation. 
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Graduate and Adjunct Enrollment Methodology 

As indicated previously, current record limitations preclude the ap- 
plication of the Markov process for determination of both graduate and 
adjunct enrollments. If and when suitable records become available, the 
techniques currently used within the model should be replaced by ones con- 
ceptually based upon the Markov process. It is of note that the forecast 
error by degree-level within administrative division of associate and 
baccalaureate enrollments, which were projected by application of the Mar- 
kov concept, is only 8!^ as contrasted to 18?; for graduate and adjunct 
enrollments, which do not use this methodology. 
Organization Matri.x 

The Organization Matrices, which are used for disaggregation of enroll- 
ments to the departmental level in regard to field of specialization, must 
be updated annually. Currently this is done by a manual procedure from 
hard-copy records, a process which is not only extremely time-consuming but 
also is inherently prone to inclusion of human error. An alternative source 
of data must be developed and the procedure programmed for computer operation. 
To improve the efficiency of the annual updating process, an investigation 
must be conducted concerning other sources of data for this purpose and the 
procedure programmed for computer application. 
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A: COEF-1 MODULE 



The user must supply in addition to the SMART tape the following card 
i nput : 

1: Parameter Card : The following information must be provided in 

a right justified form in the Column positions noted. 

Columns 1- 2: Number of campuses. 

Columns 3" Number of yer^rs of data to 
be extracted. 

Columns 5" 6: Number of student- 1 evel s . 

Columns 7"" 8: Number of terminal states in 
campus matrix. 

Columns 9-10: Number of colleges or categories 
of enrol 1 men t . 

Columns 11-12: Last two digits of last year on 
SMART. 

Columns 13*"1^: Last two digits of first year of 
data to be extracted. 

Columns 15*"16- Degree-level (2 for associate and 
k for baccali^ureate) . 

2: Campus Name Cards : One card per "lampus with abbreviation and 

name of campus. 

Columns 1- 2: Campus abbreviation. 

Columns 3""l8: Campus name. 

3: Terminal State Name Cards : One card per terminal state with 

college code in Column 1 and abbreviation in Columns 2-4 for 

colleges and with abbreviation only in Columns 2-4 for other 

states. 
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umn 1 


Columns 2-k 


A 


AGR 


B 


AA 


F 


BA 


F 


ED 


G 


ENG 


H 


HPE 


J 


HD 


L 


LA 






s 


SCI 


T 


DOC 


V 


IC 




GRADUATE 




WITHDRAW 




SWITCH-DEGREE 




TRANSFER 




RETAIN 




ADVANCE 



The COEF-1 program produces as printed output the Campus, Progression, 
Inter-Campus, and Switch-Degree Matrices for all years. In addition, 
punched cards for each Matrix for the most recent year are produced. 
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The user must supply the following card input for use of the INDEX-I 

module: 

1 : Parameter Card : 

Columns 1- 2: Number of years to be projected. 

Columns 3- Maximum number of student- 1 evel s 
for any one degree-lev. . 



Columns 5" 6: 



Maximum number of origin colleges for 
any one degree-level. 



Columns 7" 8: Maximum number of terminal states in 
Campus and Progression Matrixes for 
any one degree-1 evel - 

Columns 9-10: Number of campuses- 
Columns 11-12: Row number of '"transfer" in Campus 
and Progression Matrices. 

Columns 13"1^: Row number of "switch degree" in 
Campus a.nd Progression Matrices. 



Columns 15""16' 



Row number of "retained" in Campus 
and Progression Matrices. 



Columns 17"l8: Row number of "advanced" in Campus 
and Progression Matrices. 



Columns 19"20r Last two digits of base year. 
Campus Cards : One card per campus with the campys abbreviation in 
Columns 1-2 and name in Columns 3-20, t 
Terminal State Names : One card for each row in the Campus Pro- 
gression Matrices. 

Coeff ici ent Cards : The Matrices produced as punched output from 
COEF-1 in the following order. 

Campus and Progression: Baccalaureate 



B-2 



I nter -Campus : Bacca laureate 
Swi tch- Degree : Bacca laureate 
I nter^ Campus : Assoc i ate 
Swi tch- Degree: Associate 
Campus and Progression: Associate 

The last card in the two sets of C^^mpus and Progression Matrices 

must have a 9 punched in Column 8. 

Enrol Iment Cards : Enrollments for the base year must be read in 

on cards with the following format: 

Columns 3"*^: Campus number equal to the order in which 

the campus is processed, which is in alpha- 
betic order of the campus codes. 



1 


Al toona 


z 


• All en town 


3 


Behrend 


h 


: Berks 


5 


Beaver 


6 


: Capitol 


7 


: Delaware 


8 


DuBois 


9 


Fayette 


10 


: Hazleton 


1 1 


Mont Al to 


12 


McKeesport 


13 


New Kensington 


14 


Ogontz 


15 


Schuylki 1 1 


16 


Scranton 


17 


Shenango 


18: 


University Park 


19 


WI 1 kes Bar re 


20 


York 



Columns 5"6: Student-ievel of enrollment 
1, 2, 3, or 4. 

Columns 7"8: College of enrollment number 

equal to order in which colleges 
are processed . 

1 : Agr icu 1 ture 

2: Arts and Architecture 

3: Business Administration 

k: Education 

5: Engineering 

6: Health and Physical Education 

7: Human Development 

8: Liberal Arts 



B-3 

9: Earth and Mineral Sciences 
10: Science 

11: Division of Counseling 
12: Inter-Col lege 

Columns 11-15- Baccalaureate enrol Iment. 

Columns 16-17^ Associate enrol Iment. 
The last card must have a 9 punched in Colunm 2. All fields 
must be right justified. 

Examp 1 e : 

Altoona, Freshmen, Agriculture, ^1 Baccalaureate, 
14 Associate. 

Example: 

Berks, Freshmen, Engineering, 3^ Baccalaureate, 
63 Associate. 

The ITER-1 program produces printed output of enrollment by campus, 
degree-level, student-level, and college of enrollment at the undergraduate 
level. In addition, a tape output is produced. 
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C: DISAG-1 MODULE 



In addition to the tape output from ITEP-1, the user must provide the 
following card input: 

1: Campus Cards : One card per campus. The first twenty campuses 
are in campus abbreviation order as specified for ITER-1. King 
of Prussia and Hershey are 21 and 22 respectively. 
Columns 1- 2: Campus code. 
Columns 3""l8: Campus name. 
2: Co 1 1 ege Cards : One card per college or category of enrollment. 
The number of departments within each college is right justi- 
fied in Columns 1-2. The college name follows beginning in 
Column 3 with the order of colleges as shown below. 

Agri cul ture 

Arts and Architecture 

Business Administration 

Education 

Engineering t 
Health and Physical Education 
Human Development 
Li beral Arts 

Earth and Mineral Sciences 

Sci ence 

I nter-Co 1 1 ege 

Capi tol 

Medici ne 

Non-Deg ree 

3^ Department Cards : The department names and associated budget and 
HEGIS discipline-division code of the first college, followed by 
the names of the second etc. One card per department is left 
justified. 

ERIC 



c-2 



Columns S^lS: Department name. 

Columns 19-26: Budget-code. 

Columns Z7'3h: HEGIS code. 
Organization Matrix Cards : One card per department showing the 
fraction of each college's enrollment, degree- 1 evel , and student- 
level at a campus represented by the department. 



Co 1 umns 


1- 


2: 


Campus number, right justified. 


Co 1 umns 


11- 


12: 


Co 1 1 ege code . 


Co ! umns 


1^4- 


15: 


Department number, right justified 


Co 1 umns 


21- 


25: 


Fraction of first year associate 



with decimal point at 22. 

Columns 26-30: Fraction of second year associate 
with decimal point at 27. 

Columns 31"35: Fraction of first year baccalaureate 
with decimal point, of 32. 

Columns 36-^0: Fraction of second year baccalaureate 
with decimal point at 37. 

Columns ^1-^5: Fraction of third year baccalaureate 
with decimal point at ^2. 

Columns ^6-50: Fraction of fourth year baccalaureate 
with decimal point at ^7. 

Columns 51"55'. Graduate with decimal point at 52. 

20X,7F5.0 

Campus Graduate Regression Equations : These project the number 
of graduate students at each campus and are prepared using library' 
program POLY-2. One card per campus. 

College Graduate Regression Equations : One card per college at 
each campus having graduate enrollment with the campus number 
in Columns 1-2 and the college number in Columns 3"^, where the 
number represents the order in which the campus and college cards 
are entered. 



C-3 

7- Year Card : One card for each year of enrollment. 

Columns 1- 5: Planned level of graduate enrollment 
right justified. 

Columns 6-10: Number of campuses with graduate en- 
rollment constraints right justified. 

Column 15^ Index for type of output desired. 

1 = output by campus 

2 = output by campus and college 

3 = output by campus, college, and 

department 

8: Graduate Constraint Cards : The number of cards will be the number 

specified in Columns 6-10 of the Year Card. 

Columns 1- 5: Campus number right justified. 

Columns 6-10: Minimun constraint. 

Columns 11-15: Maximum constraint. (Note maximun 

constraint must be denoted as 99999)- 

In addition to the printed output of enrollment by year, campus, degree- 
level, student-level, college, and department, a tape output is generated for 
use into CONSUM-1 of the IA-1 model. 
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